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Figure S1 SMB In-situ crystallization plate may be used for both vapor diffusion crystallization and 

robotic sample mounting at SSRL and LCLS-MFX.  A) The plate is shown filled with grid sample 

holder assemblies (ref Baxter et al).  Crystals grown in grid holders within the plate may be viewed 

under an optical microscope.  B) The plate may be sealed with tape on the top and sides for 

crystallization. C) Crystals may be mounted directly from the plate using the SAM robot (ref SAM).  

D) Grid sample holder assembly next to a copper standard pin.  E) The SAM robot removes sample 

bases from the plate using a magnet tool.  F) Five plates reside in a specialized shelf that is held inside 

a humidity controlled box at LCLS-MFX.  
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Table S1 Systems studied by multi-shot goniometer femtosecond crystallography.  

MR = molecular replacement.  

Protein XFEL 

instrument 

XFEL beam 

parameters 

(wavelength, 

pulse duration, 

flux, beam 

size) 

Data collection 

parameters 

(number of 

crystals and 

images, step 

size) 

Results Reference 

Photosystem II 

(S1 state) 

SACLA 

BL3 

10 keV, 10 fs 

pulses, 2.6x1010 

ph/pulse, 4x2.5 

μm2 beam (20 

mm behind 

focus) 

82 crystals (1.2 

x 0.5 x 0.2 

mm3), 2058 

images, 50 μm 

steps, 0.2 ° 

rotation 

Structure by MR 

at 1.95 Å 

resolution, 96% 

complete, with 

accurate Mn-Mn 

distances 

(Suga et al., 

2014) 

Cytochrome c 

oxidase 

SACLA 

BL3 

10 keV, 10 fs, 

3.5x1010 

ph/pulse, 

1.8x1.2 μm2 

beam 

76 crystals, 

1396 images, 50 

μm steps, 0.1° 

rotation 

Structure by MR 

at 1.9 Å 

resolution, with 

correct peroxide 

bond length 

(Hirata et al., 

2014) 

CpI [Fe-Fe]- 

hydrogenase 

LCLS 

XPP 

9 keV, 40 fs 

pulses, 1012 

ph/pulse, 50 μm 

beam 

5 crystals (1-3 

mm needles), 

162 images, 11° 

attenuated 

oscillation on 

first position for 

strategy. Helical 

data collection: 

70 μm steps, 

0.5° rotation 

Structure by MR 

at 1.6 Å 

resolution, 92% 

complete 

(P42212) 

(Cohen et al., 

2014) 

Syt1-SNARE 

complex 

LCLS 

XPP 

9 keV, 40 fs 

pulses, 1012 

ph/pulse, 30 μm 

beam 

148 crystals, 

578 images 

(final selection 

72 crystals, 309 

images), 100 

μm steps 

Structure by MR 

at 3.5 Å 

resolution, 66% 

complete 

(limited by 

available 

beamtime) 

(Zhou et al., 

2015) 
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Cyclophiline A 

enzyme 

LCLS 

XPP 

9.5 keV, 10 μm 

beam 

71 crystals, 

1239 images 

(772 indexed), 

25-40 μm steps, 

RT in paratone 

Structure by MR 

at 1.75 Å 

resolution, 96% 

complete in high 

resolution shell 

(P212121) 

(Keedy et al., 

2015) 

Peroxydase 

ferryl center 

LCLS  

XPP 

9.43-9.49 keV, 

3x3-15x15 μm 

beam, 25-40 fs 

pulses 

Helical data 

collection: 50-

60 μm steps, 

0.5° rotation. In 

total 371 

images (263 

indexed) from 

34 crystals 

(0.15-1 mm) 

Structure by MR 

at 1.5 Å 

resolution, 97% 

complete 

(P212121) 

(Chreifi et al., 

2015) 

Copper nitrite 

reductase 

AxNiR 

SACLA BL3 

EH4 

10 keV, 10 fs, 

3x1010 ph/pulse, 

3.0x1.9 μm2 

beam (15 mm 

behind focus) 

64 crystals, 

4403 images 

(3656 good 

hits), 50 μm 

steps, 0.1° 

rotation 

Structure by MR 

at1.6A resolution 

cut-off, 100% 

completeness 

(R3 space group) 

(Halsted et al., 

2018) 
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Table S2 Systems studied by fixed target SFX by the multiple small crystals approach 

Protein XFEL 

instrument 

XFEL beam 

parameters 

(energy, 

flux) 

Support, 

method, 

sample 

parameters 

Number of 

images, hit 

rate 

Results Reference 

REP24 LCLS 

CXI 

8 keV, 30 fs 

pulses, 109-

1011 

ph/pulse,1.3 

μm beam, 5-

10 Hz 

Silicon nitride 

solid support 

(long 

rectangular 

windows), 12x5 

μm crystals, 

vacuum 

610 images 

(38% with 

Bragg peaks) 

from 6 

supports, 100 

μm steps 

Diffraction 

at 2.5 Å 

resolution, 

1 image/s 

or 0.3 hit/s 

(including 

chip 

alignment) 

(Hunter et 

al., 2014) 

beta- 

adrenorecep

tor complex 

LCLS 

XPP 

9 keV, 40 fs 

pulses, 1012 

ph/pulse, 5 

and 30 μm 

beam, 1 Hz 

microgrids 

(cryo), 20-100 

μm crystals 

 Diffraction 

at 2.3 Å, 

dataset 

could be 

collected at 

2.8 Å 

(limited 

beamtime), 

better than 

synchrotron 

resolution 

(Cohen et 

al., 2014) 

PolII-

TFIIB- NAS 

complex 

LCLS 

XPP 

9.6 keV, 30 

fs pulses, 

1012 ph/pulse, 

20 μm beam, 

1 Hz 

raster on 

micromeshes 

and in-situ 

microgrid 

(cryo), 50 μm 

crystals 

 Diffraction 

to 3.3 Å 

(limited 

beamtime), 

better than 

synchrotron 

resolution 

(Cohen et 

al., 2014) 

Myoglobin LCLS 

XPP 

9.5 keV, 40 

fs pulses, 

1012 ph/pulse, 

50 μm beam 

32 microgrids 

coated in 

Paratone N oil 

(cryo) 

932 crystals 

(637 indexed) 

Structure 

by MR at 

1.36 Å, 

>90% 

complete 

(Cohen et 

al., 2014) 
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Bacteriorho

dopsin (2D) 

LCLS 

CXI 

8.4-8.8 keV, 

30 fs pulses, 

2 mJ 100%, 

0.3 μm beam 

Silicon nitride 

support (array). 

RT, sugar 

embedded. 

324 images 

acquired in 6 

min (30% few 

lattices, 5% 

single lattice). 

Diffraction 

at better 

than 7 Å 

(Frank et al., 

2014; 

Pedrini et 

al., 2014; 

Casadei et 

al., 2018) 

Bacteriorho

dopsin (2D) 

LCLS 

CXI 

8.8 keV, 30 

fs pulses, 2 

mJ 100%, 0.3 

μm beam 

TEM metal 

mesh, plastic 

wafer (SU8 

photoresist) 

covered with 

carbon film (up 

to 20 nm 

thickness). RT, 

sugar 

embedded. 

 Proof of 

principle 

(limited 

beamtime) 

(Feld et al., 

2015) 

anthrax 

toxin 

protective 

antigen 

construct 

LCLS 

CXI 

8.8 keV, 30 

fs pulses, 

<1% trans- 

mission ,0.3 

μm beam 

plastic wafer 

and grid (SU8 

photoresist) 

covered with 

polyvinyl 

formal thin 

film. RT, <10 

μm crystals 

embedded in 

Paratone N oil 

 Proof of 

principle 

(limited 

beamtime) 

(Feld et al., 

2015) 

Hen egg 

white 

lysozyme 

LCLS 

XPP 

80 fs pulses, 

3 μm beam, 

2x1012 

ph/pulse 

15 μm crystals 

trapped in 

microfluidic 

chip, RT. 0-30° 

tilting to 

compensate 

preferential 

orientation of 

crystals 

Stills data 

collection at 

SSRL 

beamline 12-

2: 1 image per 

crystal with 

0.02° rotation, 

265 images 

(232 

integrated) 

Diffraction 

to 1.8 Å 

resolution 

at LCLS. 

Strong 

PDMS ring 

at 7.5 Å. 

stills data 

collection 

at 

synchrotron 

yields 

structure by 

(Lyubimov 

et al., 2015) 
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MR at 2.5 

Å 

Myoglobin-

CO 

LCLS 

XPP 

8.1 keV, 36 

fs 

pulses, 10 

μm 

beam, 

monochro- 

matic beam, 

120 

Hz 

30-60 μm 

crystals trapped 

in windows 

array of a Si 

chip, RT. Pump 

laser 540 nm, 

2.5 mJ/mm2 

2289 wells of 

a single chip, 

each 1 'dark' 

(10 images 

accumulated 

at 10% X-ray 

beam) and 1 

'light' image 

(unattenuated) 

with delays 

from 200 fs to 

32 ps after 

pump laser 

pulse, 

resulting in 

resp. 57 

('dark') and 

116 ('light') 

indexed 

images. 

Diffraction 

at 2.0 Å 

Resolution. 

Pump-

probe 

proof-of-

principle. 

(Mueller et 

al., 2015) 

Myoglobin-

CO 

LCLS  

XPP 

9.58 keV, 20 

μm beam, 

1010 

ph/pulse, 10 

Hz 

20x20x40-70 

μm crystals 

trapped in wells 

of Si chip (RT), 

chip mapped 

with 

microspectrome

ter to identify 

crystal-

containing 

wells 

8957 

indexable 

patterns, 85% 

total hit rate,  

45% indexable 

hit rate 

Structure 

solution at 

1.9 Å. 

(Oghbaey et 

al., 2016) 

Hen egg 

white 

lysozyme 

LCLS 

XPP 

9 keV, 40 fs 

pulses, 

3 μm beam 

3-layer 

patterned chip. 

Chip tilted ±44° 

in 2° steps for 

completeness. 

Stills data 

collection at 

APS: 324 

crystals on 8 

chips 

1.3 Å 

resolution. 

(Murray et 

al., 2015) 
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Lysozyme, 

photosystem 

II, mouse 

perforin, Pol 

II-TFIIB-

TB-25 

complex, 

myoglobin, 

Influenza A 

M2 protein 

transmembr

ane domain 

peptide 

LCLS XPP 9.5 keV, 2.6 

mJ, <50 fs X-

ray pulses, 10 

μm beam 

Polycarbonate 

microgrids with 

75 ports backed 

with 5 μm 

polycarbonate 

film, various 

crystal types 

and sizes tested. 

Step size of 50  

μm for grids 

over 400 μm 

ports. Tilting 

±20°. RT and 

cryo 

See (Cohen et 

al., 2014) 

See (Cohen 

et al., 2014) 

(Baxter et 

al., 2016) 

Hen egg 

white 

lysozyme 

- - 4 μm crystals 

deposited on 

silicon 

membranes 

(10-30 μm 

thick, pores of 

2–5 µm with a 

pitch of 20 

µm), cryo 

I24 at DLS, 

139 datasets of 

3°, 0.05° per 

image, 110 

datasets 

indexed 

2.1 Å 

resolution, 

MR 

(Roedig et 

al., 2015) 

CPV18 

polyhedrin 

- - 4 μm crystals 

deposited on 

silicon 

membranes 

(10-30 μm 

thick, pores of 

2–5 µm with a 

pitch of 20 

µm), cryo 

I24 at DLS, 51 

datasets of 5°, 

0.05° per 

image, 23 

datasets 

indexed 

1.5 Å 

resolution, 

MR 

(Roedig et 

al., 2015) 

Porcine 

insulin 

- - 20-50 μm 

crystals 

deposited on 

silicon 

membranes (10 

μm thick, pores 

of 8 µm with a 

I03 at DLS, 

70° total range 

of rotation per 

single crystal 

1.9 Å 

resolution 

(Roedig et 

al., 2016) 
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pitch of 10 

µm), RT 

Picornavirus 

bovine 

enterovirus 

2 

LCLS XPP 9.5 keV, 3 x 

3 μm beam, 

40% 

transmission, 

30 Hz (shot 

every 4th 

hole) 

8 μm crystals 

deposited on 

silicon 

membranes (10 

μm thick, pores 

of 4-8 µm with 

a pitch of 10 

µm), RT 

5 chips, 8812 

images, 352 

indexed, hit 

rate 2-9% 

Structure 

solution by 

MR at 2.3 

Å (detector 

limited) 

(Roedig et 

al., 2017) 

CPV18 

polyhedrin 

LCLS XPP 9.5 keV, 3 x 

3 μm beam, 

40% 

transmission, 

120 Hz 

microcrystals 

deposited on 

silicon 

membranes (10 

μm thick, pores 

of 4-8 µm with 

a pitch of 10 

µm), cryo 

1 chip, 19’000 

images, 

16’700 

indexing 

solutions 

(multiple 

lattices), 70% 

hit rate 

Structure 

solution by 

MR at 2.4 

Å (detector 

limited) 

(Roedig et 

al., 2017) 

Env-BG18 

complexes 

LCLS MFX 9.5 keV X-

ray pulses 

with 40 fs 

duration and 

a 5-µm beam 

~75 μm x 75 

μm x 50 μm 

crystal mounted 

on specialized 

loops for 

prelocated data 

collection at 

MFX 

627 images 

(570 indexed) 

Structure 

by MR at 

3.8 Å 

resolution, 

99.1% 

complete 

(Barnes et 

al., 2018) 

Lysozyme 

and 

haemoglobi

n-CO 

SACLA 

BL2 

7.3 keV X-

ray pulses, 

full 

transmission, 

1.4x1.6 µm 

FWHM, 30 

Hz 

7 µm crystals in 

mother liquor 

sandwiched 

between 2 

sheets of 2.5 

µm Mylar foils, 

spacings of 50 -

250 µm 

10-30% hit 

rate. 14 000 

indexed 

images for 

lysozyme 

(78% ind. 

rate). 26 000 

images for 

Hb.CO (38% 

indexing rate) 

Structures 

by MR at 

2.1 and 2.2 

Å (100% 

complete) 

(Doak et al., 

2018) 
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